and red cell flux (CMBC times cell velocity), and the responses at two sites of probe application, the finger and forearm, during systemic infusions of phenylephrine.
Methods and Resuls Eight healthy volunteers were monitored with a brachial blood pressure cuff, ECG, and laser Doppler flowmeter probes applied to the palmar surface of the fourth finger and volar forearm of the arm opposite the pressure cuff. After baseline readings were obtained, the subjects received three 10-minute intravenous infusions of phenylephrine at rates of 0.4, 0.8, and 1.6 ,ugg* kg`-l min`. The two parameters, flux and CMBC, trended similarly. Flux Conclusions As expected, laser Doppler readings at the finger decreased during infusion of an al-agonist. Although, like the digital vessels, forearm vessels have the potential to constrict, the increases in forearm readings suggest that these vessels are highly susceptible to homeostatic responses. The increase in CMBC (a parameter that is sensitive primarily to local changes in vascular caliber) suggested vasodilation of the underlying vessels. The forearm vasodilation and the concomitant decline in heart rate most likely represented vagally mediated baroreceptor activity, which was altered even though blood pressure changed minimally during the 0.4 ,g g kg- 1 .min-' infusion. Thus, integrated assessment of skin perfusion at the finger and forearm may provide valuable information about the direct and indirect effects of a vasoactive stimulus. The Changes in blood pressure and heart rate were not selected as primary end points during design of the present investigation; however, they were assessed retrospectively to determine whether the changes in laser Doppler values were attributable in part to a baroreceptor response. The statistical significance of the minor changes in blood pressure during the 0.4 ugg* kg`1 * min-1 infusion was analyzed using paired t test with a Bonferroni adjustment.
Results
As illustrated in the Figure, The responses of forearm flux and forearm CMBC essentially were opposite from those of their finger counterparts (Figure) . However, the increase in these indices was inconsistent; the only significant difference from baseline was noted for the increase in arm flux during the 0. 4 ,ug * kg`* min`infusion. There were no significant differences between %A forearm flux and %A forearm CMBC during any of the infusions. However, the differences between %A flux at the forearm and finger and between the %A CMBC at the forearm and finger were significant during the 0.4 ,ug . kg`* min`infusion.
Retrospective assessment of the changes in blood pressure (to determine if an increase may have activated a baroreceptor response) revealed that during the 0. 4 ,gg kg-1. min-1 infusion, systolic and diastolic blood pressures each increased by an average of less than 2 mm Hg (P=NS versus baseline). The changes in pressure averaged c3 mm Hg during any given minute of the infusion. Despite the small change in blood pressure during this infusion, heart rate decreased significantly, having declined an average of 8% from the baseline value. In contrast to the negligible changes in pressure during the low-dose infusion, systolic and diastolic blood pressures increased by 7% during the 0.8 ,ug * kg`1 min-1 infusion and by more than 10% during the 1.6,ug * kg`. min-1 infusion (which was aborted in 7 of the 8 subjects when the heart rate declined by 15%). Heart rate decreased by an average of 11% during the 0.8 gg . kg`1 min`infusion and 12% before discontinuation of the 1.6 ug * kg`1 min-1 infusion.
Discussion
As expected, laser Doppler flux and CMBC at the finger consistently decreased in response to each of the phenylephrine infusions. This direct effect of the a1-receptor agonist was noted for finger flux and finger CMBC in each of the eight subjects. In contrast, forearm values tended to increase during each infusion. Changes at the forearm were less consistent than their finger counterparts (Figo' ' OF ' r A 0 r,/YWOA -.r ure). As discussed below, they appear to have been due to homeostatic reflex mechanisms. The differences between the responses of the finger and forearm, which were significant during the 0.4 ttg* kg.* min`infusion, became less distinct during the larger infusions as systemic responses (eg, changes in blood pressure and heart rate) became more pronounced.
The finger vessels are richly innervated with adrenoceptors7 and thus are prone to a-mediated constriction. Although digital vasoconstriction is not necessarily indicative of constriction at other sites, it may constitute a valuable marker in certain contexts. Most notably, atherosclerotic coronary vessels are highly sensitive to a-adrenoceptor agonists8-'0 (as well as to other inducers of digital vasoconstriction such as cold pressor testing and mental stress).
The disparity between the changes in finger and forearm readings may provide valuable information about homeostatic mechanisms in response to increased plasma concentrations of an a,-receptor agonist. In contrast to the vessels of the glabrous skin of the finger, forearm vessels are under cholinergic as well as adrenergic regulation.1"-"3 The present changes in forearm values (as well as heart rate) are consistent with vagally mediated baroreceptor responses noted in other settings.13-15 Transmural stretching of the carotid sinus induced a 35% reduction in forearm cutaneous resistance and a 9% decline in heart rate.14 Head-down body tilt induced an increase in forearm flow and a decrease in heart rate. 15 The local release of endothelium-dependent relaxant factor can be pronounced in forearm vessels; however, it is unlikely that a local homeostatic mechanism would "overshoot" to the extent of increasing forearm flow to the degree noted in the present study. Divergence of blood from constricted digital vessels also could have contributed to cutaneous forearm flow; however, the forearm muscle constitutes a relatively large vascular bed that should readily channel the diverted blood.
To the best of our knowledge, this is the first study to compare the relative responsiveness of CMBC and flux with a vasoconstrictive stimulus. The relative changes in these parameters may shed light on vascular responses and on the mechanisms associated with a change (or lack thereof) in a derived measure such as blood pressure. Both laser Doppler indices are sensitive to changes in vascular caliber; flux is far more sensitive than CMBC to RBC velocity. The greater decline in finger flux (versus finger CMBC) during the 0. 4 ,ug kg`' min`infusion suggested a decline in flow velocity (as well as vessel caliber) consistent with the 8% decrease in heart rate in the absence of an offsetting increase in blood pressure. The comparable increases in forearm flux and forearm CMBC during the 0.4 gg * kg.*min' infusion suggested that the increase in forearm perfusion was due predominantly to vasodilation rather than to increased flow velocity. The apparent interdose consistency of the forearm CMBC response suggested that forearm vasodilation was comparable at each of the three doses. The relative decline in forearm flux (compared with forearm CMBC) during the 0.8 and 1.6 ugg* kg`* min`' doses was consistent with the decreases in heart rate and, hence, RBC velocity.
Conclusions
A noninvasive means of monitoring perfusion in the periphery may provide valuable information about the effects of a vasoactive stimulus. When the sites of application and output parameters are properly chosen and stable study conditions are maintained, laser Doppler flowmetry may be particularly helpful in delineating direct and indirect responses. Its use in the present study has identified digital vasoconstriction and suggested activation of the baroreceptor reflex by otherwise undetectable doses of an a-adrenoceptor agonist.
